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(54) Field-effect transistor 

(57) A field-effect transistor (5) has a plurality of 
cells having nodes (81) and branches (82). For exam- 
ple, each of the cells has a central node in the form of a 
circular portion of a base region (54), three branches in 
the form of rectangular portions of the base region and 
extending radially outwardly from the central node and 
angularly spaced at an angle of 120°, and circular por- 
tions of the base region which are connected to distal 
ends of the rectangular portions of the base region. The 
cells are uniformly arranged in an active region (73) of a 
drain layer (12). The field-effect transistor has a small 
on-resistance because the base region of each cell has 
a large peripheral length, has a smaller gate-to-drain 
capacitance than with polygonal cells, and has a high 
withstand voltage because the base region has no cor- 
ners. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0001] The present invention relates to the art of 
field-effect transistors, and more particularly to a field- 
effect transistor having a high breakdown voltage, a 
reduced gate-to-drain capacitance, and a low conduc- 
tion resistance. 

Description of the Related Art: 

[0002] MOS transistors with a number of cells have 
heretofore been employed as power control devices. 
[0003] FIG. 40 of the accompanying drawings 
shows a conventional MOS transistor 105 by way of 
example. As shown in FIG. 40, the conventional MOS 
transistor 1 05 has a substrate 1 1 1 of single-crystal sili- 
con and a drain layer 112 deposited on the substrate 
1 1 1 by epitaxial growth. 

[0004] The substrate 111 is doped with an N-type 
impurity at a high concentration, and the drain layer 112 
is doped with an N-type impurity at a low concentration. 
[0005] A P-type impurity is diffused into the drain 
layer 1 12 from its surface, forming base regions 154. 
[0006] An N-type impurity is diffused into each of 
the base regions 154 from its surface, forming a ring- 
shaped source region 161. A region 110 represents a 
surface of each of the base regions 154 that is posi- 
tioned between an end of the base region 154 and an 
outer periphery of the source region 161, and is referred 
to as a channel region. The channel region 110, the 
base region 154, and the source region 161 jointly make 
up a single cell 101. The MOS transistor 105 has a 
number of cells 101 arranged in a regular grid pattern 
on the surface of the drain layer 112. 
[0007] FIG. 41 of the accompanying drawings 
shows the layout of the cells 101 of the MOS transistor 
105. 

[0008] In each of the cells 101, the surface of the 
base region 154 is exposed within the ring-shaped 
source region 161. A source electrode film 144 is dis- 
posed on the surface of the source region 1 61 and the 
surface of the base region 154 in each of the cells 101 . 
The source region 161 and the base region 154 are 
connected to the source electrode film 144. 
[0009] A gate insulating film 126 comprising a sili- 
con oxide film is disposed on the channel region 1 10 in 
each cell 101 and the surface of the drain layer 112 
between adjacent two cells 101. A gate electrode film 
127 of polysilicon is disposed on the gate insulating film 
126. 

[0010] An interlayer insulating film 141 is disposed 
on the gate electrode film 127. The source electrode 
film 144 and the gate electrode film 127 on each of the 
cells 101 are insulated from each other by the interlayer 



insulating film 141. The source electrode films 144 on 
the respective cells 101 are interconnected by source 
electrode films 144 which are disposed on the interlayer 
insulating films 141. 

5 [0011] A passivation film 150 is disposed on the 
source electrode films 144. The passivation film 150 
and the interlayer insulating films 141 are patterned to 
have the source electrode 144 partially exposed on the 
MOS transistor 105. Metal films connected to the gate 

10 electrode films 127 are also partially exposed on the 
MOS transistor 105. 

[0012] A drain electrode 148 is mounted on the sur- 
face of the substrate 111, i.e., the reverse side of the 
MOS transistor 105. The drain electrode 148, the 

15 exposed portions of the source electrode 144, and the 
exposed portions of the metal films connected to the 
gate electrode films 127 are connected to respective 
external terminals which are connected to an electric 
circuit for operating the MOS transistor 105. 

20 [0013] For operating the MOS transistor 105, with 
the source electrode 144 placed in the ground potential 
and a positive voltage applied to the drain electrode 
148, when a gate voltage (positive voltage) higher than 
a threshold voltage is applied to the gate electrode films 

25 1 27, an N-type inverted layer is formed on the surface of 
the P-type channel region 110 and interconnects the 
source region 161 and the drain layer 112, causing a 
current to flow from the drain electrode 148 to the 
source electrode 144. 

30 [0014] When a voltage (e.g., the ground potential) 
lower than the threshold voltage is applied to the gate 
electrode films 127, the inverted layer is eliminated, 
reversely biasing the base region 154 and the drain 
layer 112. Therefore, no current flows between the drain 

35 electrode 148 and the source electrode 144. 

[0015] The current path between the drain elec- 
trode 148 and the source electrode 144 can be ren- 
dered conductive and nonconductive when the voltage 
applied to the gate electrode films 127 is controlled. 

40 Therefore, the MOS transistor 1 05 is widely used as a 
high-speed switch in power supply circuits and electric 
circuits of high power requirements such as motor con- 
trol circuits. 

[0016] The conduction resistance of the MOS tran- 
45 sistor 105 while it is being conductive is smaller as the 
sum of the widths of the channel regions of the cells 1 01 
is larger. Stated otherwise, the greater the sum of the 
peripheral lengths of the base regions 154 and the 
source regions 161, the better the MOS transistor 105. 
so For this reason, there have been proposed cells of vari- 
ous shapes including the illustrated square-shaped 
cells 101, comb-shaped cells, and polygon ally shaped 
cells. 

[0017] The withstand voltage of the MOS transistor 
55 1 05 is lowest at the spherical junctions at the four cor- 
ners of each of the cells 101. Thus, corner-free circular 
cells have been proposed in order to increase the with- 
stand voltage and the breakdown voltage. 
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[0018] However, while circular cells provide a with- 
stand voltage closer to the withstand voltage of cylindri- 
cal junctions than the withstand voltage of spherical 
junctions, the circular celts pose a problem in that the 
conduction resistance of the MOS transistor increases 5 
because of reduced peripheral lengths of the base 
regions 154 and the source regions 161 even if the cir- 
cular cells are arranged in the same pattern as other 
cells. 

w 

SUMMARY OF THE INVENTION 

[0019] It is therefore an object of the present inven- 
tion to provide a field-effect transistor having a high 
withstand voltage, a reduced capacitance, and a low 75 
conduction resistance. 

[0020] To achieve the above object, there is pro- 
vided in accordance with the present invention a field- 
effect transistor comprising a drain layer being disposed 
on a surface of substrate, a plurality of base regions 20 
having a conductivity type which is opposite to the con- 
ductivity type of the drain layer, the base regions being 
disposed in a surface of the drain layer in an active 
region, a source region having a conductivity type which 
is the same as the conductivity type of the drain layer, 25 
and at least one source region being disposed in the 
base regions in surfaces thereof respectively, the base 
regions having respective outer peripheries spaced 
from outer peripheries of the source regions disposed 
respectively in the base regions, the base regions hav- 30 
ing portions positioned between the outer peripheries of . 
the base regions and the outer peripheries of the source 
regions, the portions serving as channel regions, 
respectively, a gate insulating film disposed on a sur- 
face of each of the channel regions, and a gate elec- 35 
trode film disposed on a surface of the gate insulating 
film, the arrangement being such that when a voltage of 
a predetermined polarity Is applied to the gate electrode 
film to invert the surface of each of the channel regions 
into a polarity opposite to the base regions, the source 40 
regions and the drain layer are connected to each other 
by the inverted surface of each of the channel regions, 
each of the base regions having at least one rectangular 
branch and at least two circular nodes, the base region 
of the nodes having ends connected to opposite ends of as 
the base region of the branch, the source region in the 
branch and the source region in the nodes being con- 
nected to each other. 

[0021] The field-effect transistor relating to the 
present invention, further comprising a plurality of ohmic so 
regions disposed respectively in the base regions, the 
ohmic regions having a conductivity type which is the 
same as the conductivity type of the base regions and 
having a concentration higher than the concentration of 
the base regions, the ohmic regions and the source 55 
regions being connected to a source electrode film. 
[0022] The field-effect transistor relating to the 
present invention, wherein the source regions in the 



nodes have ring-shaped portions, the ohmic regions 
being disposed centrally in the ring-shaped. 
[0023] The field-effect transistor relating to the 
present invention, wherein the ohmic regions of the 
branch being disposed underneath the source regions 
of the branch and connecting to the ohmic regions of 
said nodes. 

[0024] Each of the base regions has four nodes and 
three branches, the branches extending radially out- 
wardly from a central one of the nodes, and the other 
nodes being connected respectively to distal ends of the 
branches. 

[0025] The branches are angularly spaced from 
each other at an angle of about 120° and connected to 
the central one of the nodes. 

[0026] The field-effect transistor relating to the 
present invention, wherein each of the base regions has 
the two nodes and the branch being arranged on a 
straight line, with the nodes connected to both ends of 
the branch. 

[0027] Each of the base regions has a plurality of 
the nodes and a number of branches which are fewer 
than the nodes by 1, the branches being arranged on a 
straight line, with each of the nodes being positioned 
between adjacent two of the branches. 
[0028] The field-effect transistor further comprises 
a substrate having a conductivity type which is the same 
as the conductivity type of the drain layer, and an elec- 
trode disposed on a reverse side of the drain layer being 
disposed on the substrate. 

[0029] The further comprises a substrate having a 
conductivity type which is opposite to the conductivity 
type of the drain layer, and an electrode disposed on a 
reverse side of the drain layer being disposed on the 
substrate. 

[0030] The integrated circuit device having field- 
effect transistor further comprises a substrate having a 
conductivity type which is opposite to the conductivity 
type of the drain layer, the drain layer being disposed on 
a surface of the substrate, the drain layer having an inte- 
grated circuit region having at least a transistor formed 
therein and the active region, a separating region sur- 
rounding the active region and having a conductivity 
type which is the same as the conductivity type of the 
substrate, a p-n junction separating the active region 
from the integrated circuit region, a drain electrode film 
being disposed in the surface of the drain layer in the 
active region, and the drain electrode film being sepa- 
rated electrically from the source region. 
[0031] The field-effect transistor according to the 
present invention has a plurality of cells disposed in a 
drain layer and each having at least a base region and a 
source region. Each of the cells nas at least one rectan- 
gular branch and circular nodes. 

[0032] The base region in each of the circular 
nodes and the base region in the branch are connected 
to each other by superposed ends thereof. Since the 
base region in the circular nodes is connected to oppo- 
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site ends of the base region in the rectangular branch, it 
the diameter of the base region in the nodes is larger 
than the width of the base region in the rectangular 
branch, then no sharp corner occurs in the base region, 
and the withstand voltage of the field-effect transistor 5 
increases to a value close to the withstand voltage 
which would be achieved by cylindrical junctions. 
[0033] If each cell has three branches extending 
radially outwardly from a central node and nodes con- 
nected to distal ends of the branches, then an increased io 
number of ceils can be disposed in the drain layer. 
Therefore, the field-effect transistor has a reduced con- 
duction resistance and a reduced input capacitance. 
[0034] Currents in each of the cells are uniformly 
distributed if the branches are angularly spaced at 120°. 13 
[0035] The above and other objects, features, and 
advantages of the present invention will become more 
apparent from the following description when taken in 
conjunction with the accompanying drawings in which 
preferred embodiments of the present invention are 20 
shown by way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] 25 

FIGS. 1(a) through 1(c) are cross-sectional views 
illustrative of a step of fabricating a field-effect tran- 
sistor according to the present invention; 
FIGS. 2(a) through 2(c) are cross-sectional views 30 
illustrative of a step of fabricating the field-effect 
transistor according to the present invention; 
FIGS. 3(a) through 3(c) are cross-sectional views 
illustrative of a step of fabricating the field-effect 
transistor according to the present invention; 35 
FIGS. 4(a) through 4(c) are cross-sectional views 
illustrative of a step of fabricating the field-effect 
transistor according to the present Invention; 
FIGS. 5(a) through 5(c) are cross-sectional views 
illustrative of a step of fabricating the field-effect 40 
transistor according to the present invention; 
FIGS. 6(a) through 6(c) are cross-sectional views 
illustrative of a step of fabricating the field-effect 
transistor according to the present invention; 
FIGS. 7(a) through 7(c) are cross-sectional views 45 
illustrative of a step of fabricating the field-effect 
transistor according to the present invention; 
FIGS. 8(a) through 8(c) are cross-sectional views 
illustrative of a step of fabricating the field-effect 
transistor according to the present invention; so 
FIGS. 9(a) through 9(c) are cross-sectional views 
illustrative of a step of fabricating the field-effect 
transistor according to the present invention; 
FIGS. 10(a) through 10(c) are cross-sectional 
views illustrative of a step of fabricating the field- 55 
effect transistor according to the present invention; 
FIGS. 11(a) through 11(c) are cross-sectional 
views illustrative of a step of fabricating the field- 



effect transistor according to the present invention; 
FIGS. 12(a) through 12(c) are cross -sectional 
views illustrative of a step of fabricating the field- 
effect transistor according to the present inveniion; 
FIGS. 13(a) through 13(c) are cross-sectional 
views illustrative of a step of fabricating the field- 
effect transistor according to the present invention; 
FIGS. 14(a) through 14(c) are cross-sectional 
views illustrative of a step of fabricating the field- 
effect transistor according to the present invention; 
FIGS. 15(a) through 15(c) are cross-sectional 
views illustrative of a step of fabricating the field- 
effect transistor according to the present invention; 
FIGS. 16(a) through 16(c) are cross-sectional 
views illustrative of a step of fabricating the field- 
effect transistor according to the present invention; 
FIGS. 17(a) through 17(c) are cross-sectional 
views illustrative of a step of fabricating the field- 
effect transistor according to the present invention; 
FIGS. 18(a) through 18(c) are cross-sectional 
views illustrative of a step of fabricating the field- 
effect transistor according to the present invention; 
FIGS. 19(a) through 19(c) are cross-sectional 
views illustrative of a step of fabricating the field- 
effect transistor according to the present invention; 
FIGS. 20(a) through 20(c) are cross-sectional 
views illustrative of a step of fabricating the field- 
effect transistor according to the present invention; 
FIGS. 21(a) through 21(c) are cross-sectional 
views illustrative of a step of fabricating the field- 
effect transistor according to the present invention; 
FIGS. 22(a) through 22(c) are cross-sectional 
views illustrative of a step of fabricating the field- 
effect transistor according to the present invention; 
FIGS. 23(a) through 23(c) are cross-sectional 
views illustrative of a step of fabricating the field- 
effect transistor according to the present invention; 
FIGS. 24(a) through 24(c) are cross-sectional 
views illustrative of a step of fabricating the field- 
effect transistor according to the present invention; 
FIGS. 25(a) through 25(c) are cross-sectional 
views illustrative of a step of fabricating the field- 
effect transistor according to the present invention; 
FIGS. 26(a) through 26(d) are plan views illustrative 
of steps of fabricating a cell in the field-effect tran- 
sistor according to the present invention; 
FIG. 27 is a plan view of a field-effect transistor 
according to the present invention; 
FIG. 28 is a plan view of another field-effect transis- 
tor according to the present invention; 
FIG. 29 is a plan view showing a layout of cells of 
the field-effect transistor acceding to the present 
invention; 

FIG. 30 is a plan view of a cell for use in the field- 
effect transistor according to the present invention; 
FIG. 31 is set of a cross-sectional view of the cell for 
use in the field-effect transistor according to the 
present invention, and a plan view corresponding to 
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the cross-sectional view; 

FIG. 32(a) is a plan view of another cell for use in 
the field-effect transistor according to the present 
invention; 

FIG. 32(b) is a plan view showing a layout of the 
cells shown in FIG. 32{a); 

FIG. 33 (a) is a plan view of still another cell for use 
in the field-effect transistor according to the present 
invention; 

FIG. 33(b) is a plan view showing a layout of the 
cells shown in FIG. 33(a); 

FIG. 34 is a plan view of example 4 of a cell for use 
in the field-effect transistor according to the present 
invention; 

FIG. 35 is set of a cross-sectional view of the exam- 
ple 4 of cell for use in the field-effect transistor 
according to the present invention, and a plan view 
corresponding to the cross-sectional view; 
FIGS. 36(a) through 36(c) are cross-sectional 
views illustrative of a step of fabricating the field- 
effect transistor having the example 4 of cell 
according to the present invention; 
FIGS. 37(a) through 37(c) are cross -sectional 
views illustrative of a step of fabricating the field- 
effect transistor having the example 4 of cell 
according to the present invention; 
FIG. 38 is a cross-sectional view of an IGBT as an 
example of the field-effect transistor according to 
the present invention; 

FIG. 39 is a cross-sectional view of an integrated 
circuit device having the field-effect transistor 
according to the present invention; 
FIG. 40 is a cross-sectional view of a conventional 
field-effect transistor; and 

FIG. 41 is a plan view showing a layout of cells of 
the conventional field-effect transistor shown in 
FIG. 40. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0037] FIG. 27 shows a MOS transistor 5 according 
to the present invention which has a number of cells dis- 
posed in a drain layer deposited on a substrate of sin- 
gle-crystal silicon by epitaxial growth. The MOS 
transistor 5 includes a source electrode film 44 and a 
gate electrode film 27 which are connected to each of 
the cells and also connected respectively to a source 
electrode pad 71 and a gate electrode pad 72. 
[0038] The gate electrode pad 72 has its surface 
covered with a thin metal film of the source electrode 
film 44. The source electrode pad 71 and the gate elec- 
trode pad 72 can be connected to external terminals by 
wire bonding or the like. 

[0039] A drain electrode (described later on) is dis- 
posed on the reverse side of the substrate of single- 
crystal silicon, and can be connected to the surface of a 
lead frame or the like. 



[0040] The MOS transistor 5 has an active region 
73 positioned beneath the source electrode pad 71 as 
shown in FIG.28. The active region 73 is surrounded by 
a peripheral region 74 disposed therearound tor 
5 increasing the withstand voltage of the MOS transistor 
5. 

[0041] FIG. 29 shows in fragmentary plan the active 
region 73 with thin films such as an oxide film and a gate 
electrode film (described later on) being omitted from 
w illustration. A number of cells 1 are formed in the active 
region 73. 

[0042] FIG. 30 shows one of the cells 1 at an 
enlarged scale in plan. The cell 1 is also shown frag- 
mentary at an enlarged scale in FIG. 31 . The cell 1 and 
is the thin films are also shown in fragmentary cross sec- 
tion in FIG. 31. 

[0043] The cross-sectional view in an upper area of 
FIG. 31 is taken along line C 1 - C 1 in a lower area of 
FIG. 31. 

20 [0044] The cell 1 is formed in a drain layer compris- 
ing an n-type epitaxial layer and has a p-type base 
region 54 and an n-type source region 61 disposed in 
the p-type base region 54. Each of the base region 54 
and the source region 61 comprises circular portions 

25 and rectangular portions. 

[0045] In FIGS. 30 and 31, the circular portions 
comprise nodes 81 and the rectangular portions com- 
prise branches 82. The cell 1 has four nodes 81 and 
three branches 82. 

30 [0046] The three branches 82 extend radially out- 
wardly from a central one of the nodes 81, and the 
remaining three nodes 81 are positioned respectively at 
the radially outer ends of the three branches 82. 
[0047] A substantially regular triangle is formed by 

35 lines interconnecting the centers of the three outer 
nodes 81. The regular triangle has its center substan- 
tially aligned with the center of the central node 81 . The 
branches 62 are positioned respectively on the lines 
interconnecting the vertexes and center of the regular 

40 triangle, and have respective central axes aligned 
respectively with those lines of the regular triangle. 
[0048] The base region 54 in the nodes 81 and the 
base region 54 in the branches 82 are connected to 
each other. The rectangular portions of the base 

as regions 54 in the branches 82 have ends connected to 
the circumferential edge of the circular portion of the 
base region 54 in the central node 81. 
[0049] The circular portions of the base region 54 in 
the outer nodes 81 are connected to the opposite ends 

so of the rectangular portions of the base regions 54 in the 
branches 82. Therefore, a single cell 1 contains a con- 
tinuous base region 54. 

[0050] The source region 6T'\s disposed within the 
base region 54 inwardly of the outer periphery thereof. 
55 The source region 61 has an outer periphery spaced 
from the outer periphery of the base region 54 by a dis- 
tance indicated by X in FIG. 30. The base region 54 
lying between the outer periphery of the source region 
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61 and the outer periphery of the base region 54 serves 
as a channel region. A gate insulating film 26 and a gate 
electrode film 27 (described later on) are disposed on 
the channel region. When a positive voltage is applied 
to the gate electrode film 27, the surface of the base 
region 54 in the channel region is inverted into an n-type 
region. 

[0051] The circular portions of the source region 61 
in the nodes 81 are ring-shaped, with p-type ohmic 
regions 57 disposed centrally therein. The source 
region 61 is shallower than the base region 54 and the 
ohmic regions 57, and the ohmic regions 57 have outer 
peripheries extending underneath the source region 61 . 
[0052] The surface concentration of the ohmic 
regions 57 is higher than the surface concentration of 
the base region 54. The ohmic regions 57 are con- 
nected to the source electrode film 44, which may com- 
prise a thin aluminum film or the like, by ohmic contact. 
[0053] A process of fabricating the MOS transistor 5 
with the cells 1 will be described below. 
[0054] FIGS. 1(a) - 1(c) through 25(a) - 25(c) are 
illustrative of steps of the process of fabricating the 
MOS transistor 5. FIGS. 1(a) through 25(a) are cross- 
sectional views taken along line A-, - A n of FIGS. 30 and 
31. FIGS. 1(b) through 25(b) are cross-sectional views 
taken along line B A - of FIGS. 30 and 31. FIGS. 1(c) 
through 25(c) are cross-sectional views of the periph- 
eral region 74, corresponding to a cross-sectional view 
taken along line - D 1 of FIG. 27. 
[0055] In FIGS. 1 (a) - 1 (c), an n -type drain layer 1 2 
of silicon is deposited on the surface of a substrate 1 1 of 
n + -type single-crystal silicon by epitaxial growth. 
[0056] As shown in FIGS. 2(a) - 2(c), a silicon oxide 
film 13 is formed on the surface of the drain layer 12 by 
a thermal oxidation process. In FIGS. 2(a) - 2(c) through 
25(a) - 25(c), a thin film such as a silicon oxide film 
deposited on the reverse side of the substrate 11 
remote from the drain layer 12 is omitted from illustra- 
tion. 

[0057] After the silicon oxide film 13 is formed, a 
patterned resist film 15 is formed on the surface of the 
silicon oxide film 13 by a photoresist process, as shown 
in FIGS. 3(a) through 3(c). At this time, a portion of the 
surface of the silicon oxide film 13 over the cell 1 is cov- 
ered with the resist film 15, as shown in FIGS. 3(a) and 
3(b), and an opening 16 is defined in the resist film 15 
over the peripheral region, as shown in FIG. 3(c). 
[0058] When the assembly is etched, the silicon 
oxide film 13 exposed at the bottom of the opening 16 is 
removed in the peripheral region, producing an opening 
1 8, which is identical in shape to the opening 1 6, in the 
silicon oxide film 13 in the peripheral region, as shown 
in FIG. 4(c). The active region remains unchanged, as 
shown in FIGS. 4(a) and 4(b). 

[0059] Then, the resist film 15 is removed, as 
shown in FIGS. 5(a) through 5(c). When boron ions 19 
are applied to the surface of the silicon oxide film 13, the 
boron ions 19 are injected into the surface of the drain 



layer 12 which is exposed at the bottom of the opening 
18. The injected boron ions 19 produce a p-type high- 
concentration region 51 near the surface of the drain 
layer 12, as shown in FIG. 5(c). In the active region, the 

5 boron ions 19 are not injected into the drain layer 12 
because the drain layer 12 is masked by the silicon 
oxide film 13, as shown in FIGS. 5(a) and 5(b). 
[0060] Then, the assembly is heated to diffuse the 
high-concentration region 51 into a p-type well region 

w 52 in the drain layer 1 2, and form a thin silicon oxide film 
21 on the surface of the drain layer 12 at the bottom of 
the opening 18, as shown in FIG. 6(c). At this time, the 
active region remains essentially the same except that 
the thickness of the silicon oxide film 13 increases, and 

is no well region 52 is formed in the active region, as 
shown in FIGS. 6(a) and 6(b). The well region 52 is ring- 
shaped as viewed in plan, with the active region dis- 
posed in the ring-shaped well region 52. 
[0061 ] Then, a patterned resist film 22 is formed on 

20 the surfaces of the silicon oxide films 13, 21 , as shown 
in FIGS. 7(a) - 7(c). At this time, the resist film 22 is not 
disposed, exposing the silicon oxide film 13, in the 
active region, as shown in FIG. 7(a) and 7(b), and the 
resist film 22 which has an opening 23 therein is dis- 

25 posed on the silicon oxide films 13, 21 in the peripheral 
region, as shown in FIG. 7(c). 

[0062] The opening 23 is disposed over the well 
region 52, with the thin silicon oxide film 21 partly 
exposed at the bottom of the opening 23. 

30 [0063] When the assembly is then etched, the sili- 
con oxide film 21 is partly removed in the peripheral 
region, forming an opening 24. The surface of the well 
region 52 is exposed at the bottom of the opening 24, as 
shown in FIG. 8(c). 

35 [0064] In the active region, the silicon oxide film 13 
is removed, exposing the surface of the drain layer 12, 
as shown in FIGS. 8(a) and 8(b). 
[0065] After the removal of the resist film 22, the 
assembly is thermally oxidized to form a gate insulating 

40 film 26 comprising a silicon oxide film on the surface of 
the drain layer 12 exposed in the active region, as 
shown in FIGS. 9(a) and 9(b). In the peripheral region, 
the gate insulating film 26 is formed on the surface of 
the well region 52 exposed at the bottom of the opening 

45 24, as shown in FIG. 9(c). , 

[0066] Then, a gate electrode film 27 of pofysificon 
is deposited on the entire surface of the assembly, as 
shown in FIGS. 10(a) - 10(c). With the gate electrode 
film 27 exposed in the peripheral region, a patterned 

so resist film 28 is formed on the surface of the gate elec- 
trode film 27 in the active region, as shown in FIGS. 
1 1(a) - 1 1 (c). The resist film 28 has*a plurality of open- 
ings 30 arranged in a regular pattern, with the surface of 
the gate electrode film 27 exposed at the bottom of the 

55 openings 30. 

[0067] When the gate electrode film 27 is etched, 
the gate electrode film 27 at the bottom of the openings 
30 is removed, exposing the gate insulating film 26 at 
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the bottom of the openings 30 in the active region, as 
shown in FIGS. 12(a) and 12(b). In the peripheral 
region, the gate electrode film 27 is fully removed, 
exposing the surfaces of the silicon oxide films 13, 21 
and the surface of the gate insulating film 26, as shown 
in FIG. 12(c). 

[0068] The etching of the gate electrode film 27 cre- 
ates an opening 33, which is identical in shape to the 
opening 30 in the resist film 28 in the active region, and 
then the resist film 28 is removed. The surface of the 
gate insulating film 26 is exposed at the bottom of the 
opening 33 in the active region, as shown in FIGS. 1 3(a) 
and 13(b). In the peripheral region, the surface of the sil- 
icon oxide film 13, the surface of the silicon oxide film 21 
having the opening 24, and the surface of the gate insu- 
lating film 26 formed in the opening 24 are exposed, as 
shown in FIG. 13(c). 

[0069] The opening 33 defined in the gate electrode 
film 27 in the active region is shown in plan in FIG. 
26(a). The opening 33 comprises circular portions 33 1 
in the nodes 81 and rectangular portions 33 2 in the 
branches 82. The rectangular portions 33 2 are con- 
nected to the circular portions 33 1t making up the single 
opening 33. 

[0070] When boron ions 32 are applied to the sur- 
face of the assembly, the boron ions 32 are injected into 
the surface of the drain layer 12 through the gate insu- 
lating film 26 exposed at the bottom of the opening 33 in 
the active region. The injected boron ions 32 produce a 
high-concentration region 53 near the surface of the 
drain layer 12, as shown in FIGS. 13(a) and 13(b). 
[0071] Since the boron ions 32 cannot pass through 
the gate electrode film 27, the high-concentration region 
53 is identical in shape to the opening 33 as viewed in 
plan. 

[0072] In the peripheral region, the boron ions 32 
that have passed through the gate insulating film 26 are 
introduced into the well region 52, forming a high-con- 
centration region 53 near the surface of the well region 
52, as shown in FIG. 13(c). In the peripheral region, the 
boron ions 32 cannot pass through the silicon oxide 
films 13, 21, and hence the high-concentration region 
53 is identical in shape to the opening 24 as viewed in 
plan. 

[0073] When the high-concentration region 53 is 
thermally diffused, a p-type base region 54 is formed in 
the n-type drain layer 12 in the active region, as shown 
in FIGS. 14(a) and 14(b). In the peripheral region, a p- 
type base region 54 is formed in the p-type well region 
52, as shown in FIG. 14(c). 

[0074] The base region 54 of the cell 1 is similar in 
shape to the opening 33 defined in the gate electrode 
film 27. The base region 54 is of a circular shape in the 
nodes and of a rectangular shape in the branches. The 
circular portions of the base region 54 in the nodes are 
connected to respective opposite ends of the rectangu- 
lar portions of the base region 54 in the branches. A sin- 
gle cell 1 contains a single base region 54. 



[0075] The base region 54 of the cell 1 is shown in 
plan in FIG. 26(b). The base region 54 has an outer 
periphery diffused laterally outwardly of the outer 
periphery of the opening 33, and hence has a size 

5 greater than the opening 33. 

[0076] In the peripheral region, the silicon oxide 
films 13, 21 and the gate oxide film 26 are exposed, as 
shown in FIG. 15(c). In the active region, a patterned 
resist film 34 is provided, as shown in FIGS. 15(a) and 

w 15(b). 

[0077] The gate insulating film 26 in the branches is 
fully covered with the resist film 34, as shown in FIG. 
1 5(b), and an opening 36 defined in the resist film 34 is 
positioned centrally in the gate insulating film 26 in the 

15 nodes, as shown in FIG. 15(a). 

[0078] The opening 36 is circular in shape, and the 
gate insulating film 26 on the base region 54 in the 
nodes has a central portion whose surface is exposed 
at the bottom of the opening 36. 

.20 [0079] When boron ions 35 are applied to the sur- 
face of the assembly, the boron ions 35 are injected into 
the base region 54 in the nodes and the peripheral 
region through the gate insulating film 26, producing a 
high-concentration region 56, as shown in FIGS. 15(a) 

25 and 15(c). No boron ions are injected into the base 
region 54 in the branches, and hence no high-concen- 
tration region 56 is formed therein, as shown in FIG. 
15(b). 

[0080] After the resist film 34 is removed, the 
30 assembly is heated to diffuse the high-concentration 
region 56 into a p*-type ohmic region 57 in the nodes 
and the peripheral region, as shown in FIGS. 16(a) and 
16(c). No ohmic region is formed in the branches, as 
shown in FIG. 16(b). 
35 [0081] The base region 54 and the ohmic region 57 
of the cell 1 are shown in plan in FIG. 26(c). The ohmic 
region 57 is of a circular shape, and disposed radially 
inwardly of the outer periphery of the base region 54 in 
the nodes. The ohmic region 57 is shallower than the 
40 base region 54. No ohmic region 57 is formed in the 
branches. 

[0082] After the formation of the ohmic region 57, a 
patterned resist film 38 is formed on the surface of the 
assembly, as shown in FIGS. 1 7(a) - 17(c). In the nodes 

45 in the active region, the resist film 38 is disposed on the 
gate insulating film 26 at the center of the ohmic region 
57, as shown in FIG. 17(a). The gate insulating film 26 
is exposed around the resist film 38. 
[0083] No resist film 38 is formed in the branches in 

so the active region, with the gate insulating film 26 
exposed therein, a shown in FIG. 17(b). In the periph- 
eral region, the surface of the gate insulating film 26 is 
covered with the resist film 38, a% shown in FIG. 1 7(c). 
[0084] When arsenic ions 39 are applied, the gate 

55 electrode film 27 and the resist film 38 act as a mask in 
the nodes in the active region. The arsenic ions 39 that 
have passed through the gate insulating film 26 are 
introduced into a peripheral portion of the base region 



7 



BNSDOCID: <EP 10931B8A2J_> 



13 



EP 1 093 168 A2 



14 



54 and an outer peripheral portion of the ohmic region 
57, forming a high -concentration region 60 of arsenic, 
as shown in FIG. 17(a). 

[0085] In the branches in the active region, the 
arsenic ions 39 are introduced according to the pattern 
of the opening 33 in the gate electrode film 27, forming 
a high-concentration region 60 of arsenic in the base 
region 54, as shown in FIG. 17(b). In the peripheral 
region, no arsenic ions 39 are introduced because the 
assembly is covered with the resist film 38, as shown in 
FIG. 17(c). 

[0086] Subsequent to the removal of the resist film 
38, the assembly is heated to diffuse the arsenic in the 
high-concentration region 60. As a result, a source 
region 61 is formed in the nodes and branches in the 
active region, as shown in FIGS. 18(a) and 18(b), and 
no source region 61 is formed in the peripheral region, 
as shown in FIG. 18(c). 

[0087] The source region 61 is shown in plan in 
FIG. 26(d). The source region 61 is of a ring shape 61 n 
in the nodes 81 in the active region, with the ohmic 
region 57 remaining on the surface at the center of the 
ring shape 61 v In the branches 82, the source region 
61 is of a rectangular shape 61 2 . 
[0088] The ring-shaped portion 61 1 and the rectan- 
gular portion 61 2 are connected to each other, making 
up the single source region 61 . The source region 61 
has an outer periphery disposed radially inwardly of the 
outer periphery of the base region 54. 
[0089] The outer periphery of the source region 61 
and the outer periphery of the base region 54 are dif- 
fused beyond the edge of the opening 33 in the gate 
electrode film 27 by the lateral diffusion of arsenic, and 
positioned underneath the gate electrode film 27. 
[0090] The outer periphery of the base region 54 
and the outer periphery of the source region 61 are 
spaced from each other by a certain distance, and the 
portion of the base region 54 lying therebetween serves 
as a channel region. In the MOS transistor 5, when the 
source region 61 is placed at the ground potential and a 
positive voltage higher than a threshold voltage is 
applied to the gate insulating film 26, the surface of the 
base region 54 in the channel region is inverted into an 
n-type layer, which connects the source region 61 and 
the drain layer 12 to each other. 

[0091] In the active region, the base region 54, the 
ohmic region 57, and the source region 61 jointly make 
up the cell 1. 

[0092] In the peripheral region, no high-concentra- 
tion layer 60 of arsenic is formed, and hence no source 
region 61 is formed, as shown in FIG. 18(c). 
[0093] Then, an inter-layer insulating film 41 is 
deposited on the entire surface of the assembly, as 
shown in FIGS. 19(a) - 19(c), and then a patterned 
resist film 42 is deposited on the surface of the inter- 
layer insulating film 41 , as shown in FIGS. 20(a) - 20(c). 
[0094] In FIGS. 20(a) - 20(c), the resist film 42 has 
an opening 43 through which the inter-layer insulating 



film 41 is exposed. 

[0095] In the active region, the opening 43 is similar 
in shape to the opening 33 in the gate electrode film 27, 
and is positioned within the opening 33. In the periph- 

5 eral region, the opening 43 is ring-shaped, and has an 
inner peripheral edge positioned radially outwardly of an 
inner peripheral edge of the ring-shaped ohmic region 
57 and an outer peripheral edge positioned radially 
inwardly of an outer peripheral edge of the ring-shaped 

10 ohmic region 57. 

[0096] When the inter-layer insulating film 41 
exposed at the bottom of the opening 43 is etched using 
the resist film 42 as a mask, the surface of the central 
portion of the ohmic region 57 and the surface of the 

15 inner portion of the ring-shaped source region 61 are 
exposed at the bottom of the opening 43 in the nodes, 
as shown in FIG. 21(a), and the source region 61 is 
exposed except its outer periphery, as shown in FIG. 
21(b). In the peripheral region, the surface of the ring- 

20 shaped ohmic region 57 is exposed in a ring pattern, as 
shown in FIG. 21(c). 

[0097] After the resist film 42 is removed, a source 
electrode film 44 comprising a thin aluminum film is 
deposited on the entire surface of the assembly. In the 

25 active region, the source region 61 and the ohmic 
region 57 are connected to the source electrode film 44, 
as shown in FIGS. 22(a) and 22(b). In the peripheral 
region, the ohmic region 57 is connected to the source 
electrode film 44, as shown in FIG. 22(c). 

30 [0098] Then, a patterned resist film 45 is deposited 
on the surface of the source electrode film 44, as shown 
in FIGS. 23(a) - 23(c). In the active region, the surface 
of the source electrode film 44 is covered with the resist 
film 45. An opening 46 is defined in the resist film 45 at 

35 a position in the peripheral region where the well region 
52 is located adjacent to the active region, and the 
source electrode film 44 is exposed at the bottom of the 
opening 46. 

[0099] When the assembly is etched, the source 

40 electrode film 44 exposed at the bottom of the opening 
46 is removed, exposing the inter-layer insulating film 41 
at the bottom of the opening 46, as shown in FIG. 24(c). 
In the active region, the source electrode film 44 is not 
etched away, as shown in FIGS. 24(a) and 24(b). 

45 [0100] When the resist film 45 is ^removed, the 
source electrode film 44 in the active region and the 
source electrode film 44 in the peripheral region are 
separated from each other by a groove 47 defined in the 
source electrode film 44 and having the same shape as 

so the opening 46, as shown in FIG. 25(c). 

[0101] The source electrode pad 71 is formed of the 
thin aluminum film as the source elgctrode film 44. The 
source electrode film 44 in the active region is con- 
nected to the source electrode pad 71 . 

55 [0102] The thin aluminum film as the source elec- 
trode film 44 is disposed on the surface of the gate elec- 
trode film 27 which is partly exposed. The thin aluminum 
film on the gate electrode film 27 is electrically separate 
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from the source electrode film 44 connected to the 
source electrode pad 71. The gate electrode film 27 and 
the thin aluminum film on the surface thereof jointly 
make up the gate electrode pad 72. 

[0103] Subsequent to the removal of the resist film 5 
45, a passivation film (not shown) is deposited with the 
source electrode pad 71 and the gate electrode pad 72 
exposed, and the drain electrode film 48 is deposited on 
the reverse side of the assembly, whereupon the MOS 
transistor 5 is completed, as shown in FIGS. 25(a) - 
25(c). 

[0104] The cell 1 of the MOS transistor 5 according 
to the present invention is fabricated according to the 
fabrication process described above. 
[0105] The drain layer 12 may have a thickness 
ranging from 6 x 10' 6 m - 10 x 10" 6 m for low withstand 
voltages, and a greater thickness up to about 60 x 1 0" 6 
m for high withstand voltages. As shown in FIG. 31 , the 
cell 1 typically has such a size that, in the nodes 81 , the 
base region 54 has a radius R, of about 4 x 10" 6 m and 
a depth D 1 of about 1.5 x 10* 6 m, the source region 61 
has an outer radius R 2 of about 3x10' 6 m and a depth 
D 2 of about 0.3 x 10' 6 m, the ohmic region 57 has a 
radius R 3 of about 2 x 1 0" 6 m and a depth D 3 of about 1 
x 10" 6 m. The reference numeral 55 in FIG.31 indicated 
the periphery of the ohmic region 57. The source region 
61 has an inner radius R 4 of about 1 x 10~ 6 m. 
[0106] As shown in FIG. 29, the cells 1 are uni- 
formly arranged at predetermined spaced intervals. The 
centers of adjacent ones of the nodes 81 are spaced 
from each other by substantially equal distances S 
which are in the range from 6 x 1 0' 6 m to 20 x 10" 6 m, 
typically from 8 x 1 0" 6 m to 9 x 1 0" 6 m. 
[0107] The uniformly arranged cells 1 are arrayed in 
vertical columns, and the cells 1 in each of the vertical 
columns are oriented in one direction, making up a cell 
group. A central cell group 76 has a central axis L 1 and 
is horizontally symmetrical with respect to the central 
axis L v 

[0108] The central cell group 76 has a cell 1 a . In the 
cell 1 a , two straight lines L 2 , L 3 which interconnect the 
nodes that are not positioned on the central axis L<j and 
the central node, and the central axis L-j intersect with 
each other at 120°. 

[01 09J The cells of the central cell group 76 and the 
cells of cell groups 76 L , 76 R adjacent to the central cell 
group 76 are oriented in opposite directions. 
[0110] The straight lines L 2 , L 3 extending through 
the cell 1 a pass through the centers of nodes of cells of 
the adjacent cell groups 76 L , 76 R , and those nodes are 
spaced from adjacent branches of the cell 1 a by sub- 
stantially equal distances T. 

[0111] In the central cell group 76, cells 1b, 1 c posi- 
tioned above and below the cell 1 a have branches and 
nodes directed toward nodes and branches of the cell 
1 a and spaced therefrom by the distances T. 
[0112] Straight lines M n - M 3 passing through the 
centers of the nodes of the cell 1 a and extending per- 



pendicularly to the central axis pass through the 
centers of nodes of cells in the adjacent cell groups 76^, 
76 R . 

[01 13] Therefore, the cells 1 are uniformly arranged 
in the drain layer 12. Because the nodes of each of the 
cells 1 are connected by the branches, the base region 
54 and the source region 61 have increased peripheral 
lengths, resulting in a low conduction resistance. 
[01 1 4] The gate electrode film 27 is disposed on the 
drain layer 1 2 positioned between adjacent two of the 
cells 1 and connected to the gate electrode film 27 on 
the channel region of each of the cells. Therefore, cur- 
rents for charging and discharging the gate electrode 
film 27 can flow in various directions, so that the equiv- 
alent resistance of the gate electrode film 27 is small. 
[0115] In the above embodiment, each cell 1 has 
three branches extending radially outwardly from the 
central node. However, the present invention is not lim- 
ited to the MOS transistor which has the above cells 1. 
[0116] FIGS. 32(a) and 32(b) show a cell 2 having 
one branch 82 and two nodes 81 which are positioned 
at respective opposite ends of the branch 82. The base 
region 54 in the nodes 81 and the base region 54 in the 
branch 82 are connected to each other. Similarly, the 
source region 61 in the nodes 81 and the source region 
61 in the branch 82 are connected to each other. 
[01 17] The cell 2 has the single base region 54 and 
the single source region 61 which is similar in shape to 
the base region 54 and disposed in the base region 54. 
The outer periphery of the source region 61 is spaced a 
certain distance from the outer periphery of the base 
region 54. 

[0118] A cross-sectional view of the node 81 of the 
cell 2, which is taken along line A 2 - A 2 , is the same as 
the cross-sectional view of the node 81 of the cell 1, 
which is taken along line A 1 - A-j. A cross -sectional view 
of the branch 82 of the cell 2, which is taken along line 
B 2 - B 2 , is the same as the cross-sectional view of the 
branch 82 of the cell 1 , which is taken along line B A - B 1( 
and a cross-sectional view of the node 81 and branch 
82 of the cell 2, which is taken along line C 2 - C^, is the 
same as the cross-sectional view of the node 81 and 
branch 82 of the cell 1 , which is taken along line Cj - . 
[011 9] The cells 2 are uniformly arranged in a regu- 
lar pattern in the drain layer 12, and the centers of the 
nodes 81 of the celts 2 are spaced b/ equal distances. 
[0120] The cells 2 are arranged in a tessellated pat- 
tern such that the nodes 81 and the branch 82 of adja- 
cent two of the cells 2 confront each other, and are 
uniformly arranged such that the distances between the 
nodes 81 and the branches 82 of the cells 2 are equal to 
each other. 

[0121] FIGS. 33(a) and 33(fr) show a cell 3 having 
three nodes 81 and two branches 82. The nodes 81 are 
arranged at equal spaced intervals, with the branches 
82 disposed between the nodes 81. 
[0122] In the cell 3, the nodes 81 and the branches 
82 are positioned on a single axial line 85, and arranged 
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symmetrically with respect to the axial line 85. 
[0123] A cross-sectional view of the node 81 of the 
cell 3, which is taken along line A3 - A 3 , is the same as 
the cross-sectional view of the node 81 of the cell 1, 
which is taken along line Aj - A v A cross-sectional view 
of the branch 82 of the cell 3, which is taken along line 
B 3 - B 3 , is the same as the cross-sectional view of the 
branch 82 of the cell 1 , which is taken along line B 1 - 
and a cross-sectional view of the node 81 and branch 
82 of the cell 3, which is taken along line C 3 - C 3 , is the 
same as the cross-sectional view of the node 81 and 
branch 82 of the cell 1 , which is taken along line C 1 - 0, . 
[0124] FIG. 28 shows another MOS transistor 5' 
according to the present invention. The MOS transistor 
5' differs from the MOS transistor 5 in that it has an n- 
type channel stopper 66 disposed on an outer periph- 
eral edge thereof. The channel stopper 66 is formed 
together with the source region 61 and disposed as a 
ring around the outer periphery of the chip of the MOS 
transistor 5'. The channel stopper 66 serves to prevent 
a leakage current due to the formation of an inverted 
layer on the surface of the drain layer 12 in the periph- 
eral region. 

[0125] Referring to an another structure of cell for 
the present invention, FIG.34 shows ceils 4 having a 
plan pattern identical to cells 1 in FIG.30. In FIG.34, 
those parts of the cells 4 are denoted by identical refer- 
ence numerals. The ohmic region 57 comprises ohmic 
region 57-, positioned in the nodes 81 and ohmic region 
57 2 positioned in the branches 82 in the cells 4 shown in 
FIG.34. 

[0126] FIGS. 36(a) through 36(c) are illustrative of 
diffused ohmic region 57 n and 57 2 in the step of the 
process of fabricating the calls 4. The ohmic region 57^ 
and 57 2 are diffused same condition as FIG. 16 of cells 
1 in FIG. 30. FIGS. 37 (a) through 37(c) correspond to 
FIG. 25 (a) through (c) of cells 1 in FIG. 30. FIG. 37(a) 
is cross-sectional view taken along line A 4 - A 4 of FIG. 
34. FIG. 37(b) is cross-sectional view taken along line 
B 4 - B 4 of FIG. 34. FIG. 37(c) is cross-sectional view of 
the peripheral region. FIG. 35 shows cross-sectional 
view taken along line C4 - C4 of cells 4 of FIG.34 and 
enlarged partial plan view of cells 4. 
[0127] Referring to FIG. 34, 35 and 37, the ohmic 
region 57, in the nodes 81 is circular-shaped in plan 
view, identical to the cell 1 of FIG. 30. In the nodes 81 , 
central portion of the ohmic region 57, is exposed cen- 
trally in the source region 61 . The source electrode film 
44 is formed on the surface of the ohmic region 57 1 and 
the surface of the source region 61 . 
[0128] In the branches 82, the ohmic region 57 2 is 
rectangular-shaped in plan view, identical to the cell 1 of 
FIG. 30. The both end of the ohmic region 57 2 are con- 
nected to the ohmic region 57 n in the nodes 81 by 
superposed thereof. The surface of ohmic region 57 2 is 
not exposed in the branches 82. In the branches 82, the 
ohmic region 57 2 is positioned underneath the source 
region 61 . 



[0129] In the MOS transistor having the cells 4 
described above, the concentration of an p-type impu- 
rity in the adjoining portion of the bottom of n-type 
source region 61 is higher than MOS transistor 5 having 
5 the cells 1 shown in FIG. 30. Therefore, the conduction 
resistance of p-type diffused layer is low at the portion of 
high concentration impurity. 

[0130] A p-n junction between the base region 54 
and the drain layer 12 is applied forward bias voltage, 

10 minority career is injected into the drain layer 12. Then 
the p-n junction is applied reverse bias voltage, the 
minority career is injected into base region 54 in the 
branches 82 from the drain layer 12. The minority career 
reach the ohmic region 57 t in the nodes 81 through the 

15 ohmic region 57 2 underneath the source region 61 in 
the branches 82, and then the minority career is 
ingected into the source electrode 44. 
[0131] When the minority career flow into cells 4 
form the drain layer 12, the conductive resistance of p- 

20 type diffused layer of underneath the source region 61 
is lower than the cells 1 of FIG. 30. 
[0132] Therefore, a broken strength of the MOS 
transistor 9 having the cells 4 is higher than the cells 1 
of FIG. 30. 

25 [0133] In the above embodiments, the n-type drain 
layer 12 is formed on the n-type substrate 1 1 , and the p- 
type base region 54 and ohmic layer 57, and the n-type 
source region 61 make up the n-channei cells 1 - 4. 
However, a p-type drain layer may be disposed on a p- 

30 type substrate, and an n-type base region and ohmic 
layer, and a p-type source region may make up p-chan- 
nel cells. 

[01 34] The field-effect transistors having the cells 1 
- 4 described above are not limited to the MOS transis- 
35 tor 5. 

[0135] FIG. 38 shows an IGBT 6 having a field- 
effect transistor according to the present invention. 
Those parts of the IGBT 6 which are identical to those 
of the MOS transistor 5 are denoted by identical refer- 

40 ence numerals. The IGBT 6 is a structure identical to 
the MOS transistor 5 except that the n-type substrate of 
the MOS transistor 5 is replaced with a p-type substrate 
58. The n-type drain layer 12 is formed on the p-type 
substrate 58. When the surface of the channel region in 

45 the cells 1 - 4 is inverted and a current flows between 
the drain layer 12 and the source region*61, a minority 
carrier is injected from the substrate 58 into the drain 
layer 1 2, lowering the conduction resistance of the drain 
layer 12. 

50 [01 36] If the n-type substrate 1 1 of the MOS transis- 
tor 5 comprises a substrate of single-crystal silicon hav- 
ing a low impurity concentration and is ground to a 
reduced thickness prior to the formation of the drain 
electrode film 48, and a Schottky junction is formed 

55 between the drain electrode film 48 and the substrate 
1 1 , then a minority carrier can be injected from the drain 
electrode film 48 into the substrate 1 1 and the drain 
layer 12 for thereby reducing the resistance of the drain 



10 



BNSDCCID: <EP 1093168A2 I > 



19 



EP 1 093 168 A2 



20 



layer 12. 

[0137] FIG. 39 shows an integrated circuit device 7 
having a field-effect transistor 8 according to the present 
invention. Those parts of the integrated circuit device 7 
which are identical to those of the MOS transistor 5 are 5 
denoted by identical reference numerals. The integrated 
circuit device 7 has a p-type substrate 91 with the drain 
layer 12 in the form of an n-type epitaxial layer being dis- 
posed thereon. The drain layer 12 contains a plurality of 
cells 10 which are identical in plan pattern and cross- 
sectional structure to either one of the cells 1 - 4. 
[0138] A p-type separating region 92 is formed 
around the area of the drain layer 12 where the cells 10 
are positioned. The separating region 92 is of a ring- 
shaped pattern as viewed in plan, with at least one cell 
1 0 disposed within the ring. 

[0139] The separating region 92 has a bottom held 
in contact with the substrate 91 . A drain layer 12a within 
the ring is separated from a drain layer 12b outside of 
the ring by a pn junction. 

[0140] Electronic components including transistor 
components, diode components, resistance compo- 
nents, capacitor components, etc. are formed in the 
drain layer 12b outside of the ring, making up the inte- 
grated circuit device. 

[0141] In addition to the cells 10, a drain region 93 
formed simultaneously with the source region 61 is dis- 
posed in the drain layer 1 2a within the ring. A drain elec- 
trode film 96 which comprises the same thin aluminum 
film as the source electrode film 44 is disposed on the 
drain region 93. The drain electrode film 96 and the 
source electrode film 44 are separated from each other 
by a groove 99. The MOS transistor 8 where a drain cur- 
rent flows in the surface, which is the same side as the 
source electrode film 44, rather than in the reverse side 
of the substrate 91 , is formed inside of the separating 
region 92. 

[0142] The source electrode film 44 and the drain 
electrode film 99 are connected respectively to a source 
electrode pad and a drain electrode pad, and connected 
to external terminals by a connecting means such as 
wire bonding or the like. 

[0143] The gate electrode film 27 is connected to a 
driver circuit within the integrated circuit device 7 for 
controlling operation of the MOS transistor 8. 
[0144] With the Integrated circuit device 7, since the 
conduction resistance of the MOS transistor 8 formed 
therein is small and the input capacitance of the gate 
terminal is also small, the burden on the driver circuit 
may be small. 

[0145] The field-effect transistor according to the 
present invention has high breakdown voltage and a 
reduced gate-to-drain capacitance. 
[0146] The field-effect transistor according to the 
present invention has high breakdown voltage, because 
of the ohmic region in the branches having a conductiv- 
ity type which is the same as a conductivity type of the 
base region is positioned underneath the source region 



and the ohmic region is connected to the source elec- 
trode film. 

[0147] Although certain preferred embodiments of 
the present invention have been shown and described 
in detail, it should be understood that various changes 
and modifications may be made therein without depart- 
ing from the scope of the appended claims. 

Claims 

1 . A field-effect transistor comprising: 

a drain layer being disposed on a surface of 
substrate; 

a plurality of base regions having a conductivity 
type which is opposite to the conductivity type 
of said drain layer, said base regions being dis- 
posed in a surface of said drain layer in an 
active region; 

a source region having a conductivity type 
which is the same as the conductivity type of 
said drain layer, and at least one said source 
region being disposed in said base regions in 
surfaces thereof respectively; 
said base regions having respective outer 
peripheries spaced from outer peripheries of 
said source regions disposed respectively in 
said base regions; 

said base regions having portions positioned 
between the outer peripheries of said base 
regions and the outer peripheries of said 
source regions, said portions serving as chan- 
nel regions, respectively; 
a gate insulating film disposed on a surface of 
each of said channel regions; and 
a gate electrode film disposed on a surface of 
said gate insulating film; 
the arrangement being such that when a volt- 
age of a predetermined polarity is applied to 
said gate electrode film to invert the surface of 
each of said channel regions into a polarity 
opposite to said base regions, said source 
regions and said drain layer are connected to 
each other by the inverted surface of each of 
said channel regions; 

each of said base regions having at least one 
rectangular branch and at least two circular 
nodes; 

the base region of said nodes having ends con- 
nected to opposite ends of the base region of 
said branch; 

said source region in ^aid branch and said 
source region in said nodes being connected to 
each other. 

2. A field-effect transistor according to claim 1 , further 
comprising a plurality of ohmic regions disposed 
respectively in said base regions, said ohmic 
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regions having a conductivity type which is the 
same as the conductivity type of said base regions 
and having a concentration higher than the concen- 
tration of said base regions, said ohmic regions and 
said source regions being connected to a source 5 
electrode film. 

3. A field-effect transistor according to claim 2, 
wherein said source regions in said nodes have 
ring-shaped portions, said ohmic regions being dis- w 
posed centrally in said ring-shaped. 

4. A field-effect transistor according to claim 3, 
wherein said ohmic regions of said branch being 
disposed underneath said source regions of said 75 
branch and connecting to said ohmic regions of 
said nodes. 

5. A field-effect transistor according to claim 1, 
wherein each of said base regions has four circular 20 
nodes and three rectangular branches, said 
branches extending radially outwardly from a cen- 
tral one of said nodes, and the other nodes being 
connected respectively to distal ends of said 
branches. 25 

6. A field-effect transistor according to claim 2, 
wherein each of said base regions has four circular 
nodes and three rectangular branches, said 
branches extending radially outwardly from a cen- 30 
tral one of said nodes, and the other nodes being 
connected respectively to distal ends of said 
branches. 

7. A field-effect transistor according to claim 3, 35 
wherein each of said base regions has four circular 
nodes and three rectangular branches, said 
branches extending radially outwardly from a cen- 
tral one of said nodes, and the other nodes being 
connected respectively to distal ends of said 40 
branches. 

8. A field-effect transistor according to claim 4, 
wherein each of said base regions has four circular 
nodes and three rectangular branches, said 45 
branches extending radially outwardly from a cen- 
tral one of said nodes, and the other nodes being 
connected respectively to distal ends of said 
branches. 

50 

9. A field-effect transistor according to claim 5, 
wherein said rectangular branches are angularly 
spaced from each other at an angle of about 120° 
and connected to said central one of said nodes. 

55 

10. A field-effect transistor according to claim 6, 
wherein said rectangular branches are angularly 
spaced from each other at an angle of about 120° 



and conneciird to said central one of said nodes. 

11. A field-effect transistor according to claim 7, 
wherein said rectangular branches are angularly 
spaced from each other at an angle of about 120° 
and connected to said central one of said nodes. 

12. A field-effect transistor according to claim 8, 
wherein said rectangular branches are angularly 
spaced from each other at an angle of about 120° 
and connected to said central one of said nodes. 

13. A field-effect transistor according to claim 1, 
wherein each of said base regions has two said cir- 
cular nodes and one said rectangular branch being 
arranged on a straight line, with said nodes con- 
nected to both ends of said branch. 

14. A field-effect transistor according to claim 2, 
wherein each of said base regions has two said cir- 
cular nodes and one said rectangular branch being 
arranged on a straight line, with said nodes con- 
nected to both ends of said branch. 

15. A field-effect transistor according to claim 3, 
wherein each of said base regions has two said cir- 
cular nodes and one said rectangular branch being 
arranged on a straight line, with said nodes con- 
nected to both ends of said branch. 

16. A field-effect transistor according to claim 4, 
wherein each of said base regions has two said cir- 
cular nodes and one said rectangular branch being 
arranged on a straight line, with said nodes con- 
nected to both ends of said branch. 

17. A field-effect transistor according to claim 1, 
wherein each of said base regions has a plurality of 
said circular nodes and a number of rectangular 
branches which are fewer than said circular nodes 
by one, said rectangular branches being arranged 
on a straight line, with each of said nodes being 
positioned between adjacent two of said branches. 

18. A field-effect transistor according* to claim 2, 
wherein each of said base regions has a plurality of 
said circular nodes and a number of rectangular 
branches which are fewer than said nodes by one, 
said branches being arranged on a straight line, 
with each of said nodes being positioned between 
adjacent two of said branches. 

19. A field-effect transistor according to claim 3, 
wherein each of said base regions has a plurality of 
said circular nodes and a number of rectangular 
branches which are fewer than said nodes by one, 
said branches being arranged on a straight line, 
with each of said nodes being positioned between 
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adjacent two of said branches. 

20. A field-effect transistor according to claim 4, 
wherein each of said base regions has a plurality of 
said circular nodes and a number of rectangular 
branches which are fewer than said nodes by one, 
said branches being arranged on a straight line, 
with each of said nodes being positioned between 
adjacent two of said branches. 

21. A field-effect transistor according to claim 1 , further 
comprising a substrate having a conductivity type 
which is the same as the conductivity type of said 
drain layer, and an electrode disposed on a reverse 
side of said drain layer being disposed on said sub- 
strate. 

22. A field-effect transistor according to claim 2, further 
comprising a substrate having a conductivity type 
which is the same as the conductivity type of said 
drain layer, and an electrode disposed on a reverse 
side of said drain layer being disposed on said sub- 
strate. 

23. A field-effect transistor according to claim 3, further 
comprising a substrate having a conductivity type 
which is the same as the conductivity type of said 
drain layer, and an electrode disposed on a reverse 
side of said drain layer being disposed on said sub- 
strate. 

24. A field-effect transistor according to claim 4, further 
comprising a substrate having a conductivity type 
which is the same as the conductivity type of said 
drain layer, and an electrode disposed on a reverse 
side of said drain layer being disposed on said sub- 
strate. 

25. A field-effect transistor according to claim 1 , further 
comprising a substrate having a conductivity type 
which is opposite to the conductivity type of said 
drain layer, and an electrode disposed on a reverse 
side of said drain layer being disposed on said sub- 
strate. 

26. A field-effect transistor according to claim 2, further 
comprising a substrate having a conductivity type 
which is opposite to the conductivity type of said 
drain layer, and an electrode disposed on a reverse 
side of said drain layer being disposed on said sub- 
strate. 

27. A field-effect transistor according to claim 3, further 
comprising a substrate having a conductivity type 
which is opposite to the conductivity type of said 
drain layer, and an electrode disposed on a reverse 
side of said drain layer disposed side of said sub- 
strate. 
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28. A field-effect transistor according to claim 4, further 
comprising a substrate having a conductivity type 
which is opposite to the conductivity type of said 
drain layer, and an electrode disposed on a reverse 
side of said drain layer being disposed on said sub- 
strate. 

29. A integrated circuit device having field-effect tran- 
sistor according to claim 1 , further comprising; 

a substrate having a conductivity type which is 
opposite to the conductivity type of said drain 
layer, said drain layer having an integrated cir- 
cuit region having at least a transistor formed 
therein and said active region, a separating 
region surrounding said active region and hav- 
ing a conductivity type which is the opposite to 
the conductivity type of said drain layer, a pn 
junction separating electrically said active 
region from said integrated circuit region, and a 
drain electrode film being disposed in surface 
of drain layer in said active region, and said 
drain electrode film being separated electrically 
from said source region. 



30. A integrated circuit device having field-effect tran- 
sistor according to claim 2, further comprising; 

a substrate having a conductivity type which is 
opposite to the conductivity type of said drain 
layer, said drain layer having an integrated cir- 
cuit region having at least a transistor formed 
therein and said active region, a separating 
region surrounding said active region and hav- 
ing a conductivity type which is the opposite to 
the conductivity type of said drain layer, a pn 
junction separating electrically said active 
region from said integrated circuit region, and a 
drain electrode film being disposed in surface 
*o of drain layer in said active region, and said 

drain electrode film being separated electrically 
from said source region. 

31. A integrated circuit device having field-effect tran- 

45 sistor according to claim 3, further comprising; 

•» 

a substrate having a conductivity type which is 
opposite to the conductivity type of said drain 
layer, said drain layer having an integrated cir- 

50 curt region having at least a transistor formed 

therein and said active region, a separating 
region surrounding said active region and hav- 
ing a conductivity type wTiich is the opposite to 
the conductivity type of said drain layer, a pn 

55 junction separating electrically said active 

region from said integrated circuit region, and a 
drain electrode film being disposed in surface 
of drain layer in said active region, and said 
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drain electrode film being separated electrically 
from said source region. 

A integrated circuit device having field-effect tran- 
sistor according to claim 4, further comprising; 5 

a substrate having a conductivity type which is 
opposite to the conductivity type of said drain 
layer, said drain layer having an integrated cir- 
cuit region having at least a transistor formed io 
therein and said active region, a separating 
region surrounding said active region and hav- 
ing a conductivity type which is the opposite to 
the conductivity type of said drain layer, a pn 
junction separating electrically said active 15 
region from said integrated circuit region, and a 
drain electrode film being disposed in surface 
of drain layer in said active region, and said 
drain electrode film being separated electrically 
from said source region. 20 
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